Introduction {#sec1-1}
============

Severe sepsis is one of the leading causes of morbidity and high mortality in intensive care units (ICUs).\[[@ref1]\] Septic patients had more severe organ dysfunction, longer intensive care unit and hospital lengths of stay, and higher mortality rate than patients without sepsis.\[[@ref2][@ref3]\]

There was a significant increase in ICU mortality with increasing number of organ dysfunction,\[[@ref4]\] and administrative data have been used to perform the study on ICU research.\[[@ref5]--[@ref9]\] The aim of the present study is to determine the effect of acute organ dysfunction for ICU mortality in patients with severe sepsis using the administrative data.

Material and Methods {#sec1-2}
====================

Data source {#sec2-1}
-----------

Data were obtained from the Quality Indicator/Improvement Project, which collects administrative detailed claim data from acute care hospitals in Japan. In voluntary participating hospitals, 112 ICUs were included in 2009. Administrative data were comprised of clinical information and healthcare claim data. Clinical information included patient demographics, primary and secondary diagnoses, comorbidities at the time of and after admission, operative data, severity of illnesses, as well as any special treatments (i.e. radiation therapy, artificial respiration, chemotherapy). In contrast, healthcare claim data itemized the type, quantity, and fees for all tests, medications, procedures, use of intensive or specialized care, and nursing services.

Cases and selection criteria {#sec2-2}
----------------------------

The following selection criteria were used in the study: (i) primary diagnosis of sepsis (codes in the International Classification of Diseases, 10^th^ version) \[[Table 1](#T1){ref-type="table"}\]; (ii) complication of acute organ dysfunction classified by Martin *et al*.;\[[@ref5]\] and (iii) discharge date between January 1 and December 31^st^, 2009. We excluded less than 18-year old cases. In addition, we did not analyze metabolic dysfunction as acute organ dysfunction, since SOFA score, which was the general and principal indicator for evaluation of acute organ dysfunction in critically ill patients, did not include this item. We defined severe sepsis as fulfillment of (i) and (ii), as well as previous studies.\[[@ref5][@ref6]\]
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Translation of ICD-9 CM to ICD-10 code in the study
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Evaluation of cases {#sec2-3}
-------------------

The patient characteristics were express by age, gender, severity of illness, acute organ dysfunction, admission course, reason for ICU entry, and underlying disease. We evaluated severity of illness using the Critical care Outcome Prediction Equation (COPE) model derived by Duke *et al*., which has an area under the ROC curve of 0.83--0.84 and relatively few variables, and is the model based on administrative data alone.\[[@ref10]\]

The intervention for severe septic patients was presented by mechanical ventilation, renal replacement therapy, use of catecholamine; dopamine, dobutamine, noradrenalin, and adrenaline including SOFA score.

Patient outcomes {#sec2-4}
----------------

The ICU mortality, 28-day mortality, hospital mortality, the length of ICU stay, and the length of hospital stay were evaluated. The ICU, 28-day, and hospital mortality rate was calculated by dividing the number of non-survivors following ICU discharge, day 28, and hospital discharge by the total number of severe septic cases, respectively.

Impact of ICU mortality on acute organ dysfunction {#sec2-5}
--------------------------------------------------

First, Kaplan--Meier curve was expressed for the association between the number of organ dysfunction ad ICU mortality. Log-rank statistics was performed on each factor. Second, Cox proportional hazard model was performed for unadjusted and adjusted evaluation of the effect of acute organ dysfunction on ICU mortality. We adjusted ICU mortality with age, gender, and severity of illness. In addition, impact of each organ dysfunction was assessed using hazards ratio.

Statistical analysis {#sec2-6}
--------------------

All data are shown as means ± SD, or percentages. *P* \< 0.05 was considered to be significant. All statistical analyses were performed using SPSS 11.0J (SPSS Inc., Chicago, IL). The Institutional Review Board of the Faculty of Medicine at the Graduate School of Medicine of Kyoto University, Japan, approved this study.

Results {#sec1-3}
=======

The data used for this study was from 75,069 ICU patients discharged from 112 hospitals. Of these, 4252 (5.7%) were identified as severe septic cases, but only 56 (1.3%) matched the exclusion criteria, leaving 4196 (98.7%) that were included in our analysis.

Patient background is shown in [Table 2](#T2){ref-type="table"}. Over half of the patients were male (*n* =2575, 61.4%), and had internal medical disease caused without surgery as reason for ICU entry (*n* = 2562, 61.1%). Therapeutic intervention for severe septic patients was most commonly performed using mechanical ventilation (*n* = 2900, 69.1%), followed by dopamine use (*n* = 2726, 65.0%). Continuous renal replacement therapy, which was the most frequently used, was performed in 1080 cases (25.7%) of the patients performing renal replacement therapy.
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Hospital and patient backgrounds in ICU patients with severe sepsis^a^
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Patient outcomes {#sec2-7}
----------------

The length of ICU stay was 7.5 days in severe septic patients. The ICU mortality in severe septic patients was 18.8%. However the hospital mortality was nearly 2.5 times higher than the ICU mortality, though the expected mortality using COPE model was 21.7%. The length of hospital stay was over a month in severe septic patients.

Cox proportional hazard model for ICU mortality on acute organ dysfunction {#sec2-8}
--------------------------------------------------------------------------

In our severe septic cases, 1582 patients (37.7%) had two organ dysfunction, and 3055 (72.8%) had multiple organ dysfunction. In patients with more than or equal to 4 organ dysfunctions, ICU mortality (38.9%) was over four times compared to single organ dysfunction (8.9%) \[[Table 3](#T3){ref-type="table"}\]. \[[Figure 1](#F1){ref-type="fig"}\] showed a Kaplan-Meier curve calculating from ICU entry in each number of organ dysfunctions. After adjustment for age, gender, and severity of illness, the hazard ratio (HR) increased in increasing number of organ dysfunction (1.6, 2.0, and 2.7 in 2-, 3-, and ≥4 organ dysfunctions, respectively) \[[Table 3](#T3){ref-type="table"}\].
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Hazard ratio of multiple organ dysfunctions on ICU mortality
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![Kaplan-- Meier curve of each number of organ dysfunctions: Mortality is calculated from the entry into the ICU. 1; single organ dysfunction, 2; two organ dysfunctions, 3; three organ dysfunctions, ≥4; over four organ dysfunctions](JOACP-27-180-g004){#F1}

Majority of patients (*n* = 3065, 73.0%) had cardiovascular dysfunction, and following was respiratory dysfunction (*n* = 2194, 69.4%). Hepatic dysfunction was minority (*n* = 59, 1.4%), however, ICU mortality and hazard ratio with hepatic dysfunction was the most highest in other dysfunction (32.2% and 2.0, respectively). However, cardiovascular and neurologic dysfunctions were not significant factor for the ICU death (*P* = 0.178 and *P* = 0.703, respectively) \[[Table 4](#T4){ref-type="table"}\].
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Hazard ratio of organ dysfunction on ICU mortality
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Discussion {#sec1-4}
==========

Our best finding was the identification of the increasing hazard ratio of the increasing number of organ dysfunction for the death of ICU using administrative data, without respect to combination of organ dysfunctions. The hazard ratio of ICU death in severe septic patients with multiple organ dysfunctions was average 2.2 times higher than severe septic patients with single organ dysfunction. Mortality of severe sepsis patients is greater than 30%\[[@ref1][@ref11]\] and an important theme challenging improvement of patient outcomes such as surviving sepsis campaign.\[[@ref12]--[@ref15]\] Recently, it was shown that acute organ dysfunction was useful prognostic indicator for ICU mortality, especially that there was a significant increase in ICU mortality with increasing number of organ failures.\[[@ref4][@ref16]\] Such result was reported in the study for dogs.\[[@ref17]\]

Cardiovascular dysfunction was strong factor in organ dysfunctions, and a number of organ dysfunctions were available for assessment of ICU death compared to SOFA score.\[[@ref4]\] Hepatic dysfunction was the strongest factor for ICU death in this study. However, impact of ICU mortality on cardiovascular dysfunction was not significant for ICU death. Concerning cardiovascular dysfunction, our study and the report of N for *et al*.\[[@ref4]\] was controversial. It might be caused by our subject of only severe sepsis or selection bias such as the variety during recording physicians under administrative data.

In this study, severe septic patients had ICU mortality of 18.8%, and 28-day mortality of 27.7%. Hospital mortality was very high (45.6%), and there was extreme difference between our hospital mortality and the expected mortality calculating from the COPE model. However in Japan, acute care hospitals have had the role of acute care, sub-acute care, and terminal care. Although functional distinction in each hospital has been developed recently, the length of hospital stay was too long (45.6 days) compared with other advanced countries (18--30% in hospital mortality and 12--17 days in hospital stay.\[[@ref5][@ref18][@ref19]\] So we considered that the hospital mortality was very high in Japan. However, ICU mortality and the duration of ICU stay in our study were similar to the values of 10--35% and 7 days found by Vincent *et al*.\[[@ref2]\] So we believe that it is acceptable for us to compare ICU examination among advanced countries including Japan.

In the point of multicenter study, administrative data was a useful tool due to comparative accessible collection and uniformity of large population database. In Japan, administrative data introduced in 2004 included records of patient information and daily medical care. From these data, the types of all tests, medications and procedures and the use of intensive or special care and nursing services can be itemized on a daily basis. So we considered that administrative data was a valuable instrument for examination between acute organ dysfunction and ICU mortality in severe sepsis in a multicenter observational study. However, in fact, it was indicated that administrative data was inappropriate for the sole means of conducting surveillance for healthcare-associated infections.\[[@ref20]\] So it was expected that administrative coding data further reflected the actual condition.

There are several limitations in the present study. First, our data did not include physiological data and severity scores. Therefore, we could not identify clinical indicators for organ dysfunction such as the ratio of arterial oxygen concentration to the fraction of inspired oxygen (P/F ratio), value of liver enzyme, blood urea nitrogen (BUN), and creatinine, and the severity scores such as SOFA, the Acute Physiology and Chronic Health Evaluation (APACHE), the Mortality Prediction Model (MPM), and the Simplified Acute Physiology Score (SAPS). For the adjustment of severity, we used the Critical care Outcome Prediction Equation (COPE) model using administrative data and simple variables. The COPE model is favored because it has an acceptable area under the ROC curve and relatively few variables, and is currently the only model based on administrative data alone.\[[@ref10]\] When the physiological data and general scoring systems were used in the analysis, significant indicators for mortality in severe sepsis\[[@ref11]\] were demonstrated. However, administrative data was capable on large population, comparable source among institutions, accuracy of clinical information, and relatively small effort in analysis. Second, the administrative data include information on a "calendar day" basis, rather than an hourly basis, and therefore the first ICU day was defined by a calendar day. So the representative data in patient background was including a small error. But our focus was to determine the hazard ratio of organ dysfunction for ICU death, and we considered that this error could not affect our conclusion.

Conclusions {#sec1-5}
===========

This study examined the hazard ratio of ICU death for organ dysfunctions in patients with severe septic patients using administrative data. The hazard ratio of ICU death in severe septic patients with multiple organ dysfunctions was average 2.2 times higher than severe septic patients with single organ dysfunction. We demonstrated the ability of large administrative datasets to predict ICU mortality by focusing on acute organ dysfunction in severe septic patients.
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